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The digestibility by chickens of the sugars, starch, pentosans, 
and residual nitrogen-free extract in 24 feeds were studied. 
In 122 individual tests, the sugars and starches were highly 
digested. The residual nitrogen-free extract and especially the 
pentosans, have a lower digestibility. Chickens digest sugars 
and starches to the same extent as sheep, but have only half 
as much power to  digest pentosans. This is further confirma- 
tion of the fact that chickens have only a low power to utilize 
fibrous materials or roughages. 
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DIGESTIBILITY BY CHICKENS OF THE CONSTITUENTS 
OF THE NITROGEN-FREE EXTRACT OF FEEDS 
By G. S. FRAPS 
The ordinary digestion experiment deals with the digestibility of the 
protein, fat, crude fiber, and nitrogen-free extract. Each of these is a 
group, containing a number of related chemical compounds, but varying 
in character in different kinds of feeds. The nitrogen-free extract con- 
tains sugars, starches, pentosans, and other compounds. The crude fiber 
contains celluloses, pentosans, lignins, and other substances. 
A study of the digestibility of the constituents of the nitrogen-free 
extract of feeds by chickens was made in connection with digestion 
experiments on these animals. Similar work was done in connection 
with digestion experiments on sheep, already reported (Bulletin 418). 
These studies were undertaken i n  the hope that they would throw some 
light on the differences in  the feeding values of feeding stuffs. 
METHOD OF WORK 
The material used was secured in  the digestion experiments with 
chickens, reported in Bulletin 372. The feeds were usually fed with a 
little alfalfa hay, as described in the Bulletin referred to, but in  some 
'cases other feeds were also fed in the ration. 
The sugars were extracted by 50 per cent alcohol and estimated by the 
Munson and Walker method. Starch was made soluble by diastase, in 
material previously extracted with ether and alcohol and the analysis 
was completed in the usual way. Total pentosans were estimated by 
conversion into furfural and precipitation with phloroglucinol. Pento- 
sans in crude fiber were estimated in the crude fiber prepared from a 
3-gram sample of the feed. The total pentosans less those in  the crude 
fiber gives these in the nitrogen-free extract. The reducing sugars, 
polysaccharoses or non-reducing sugars, starch, and pentosans i n  the 
nitrogen-free extract, were added together and the sum subtracted from 
the total nitrogen-free extract. The difference is here called the residual 
nitrogen-free extract. 
COMPOSITION OF FEEDS 
- The ordinary analyses of the feeds are given in Bulletin 372. Table 1 
contains the sugars, starches, and other constituents of the feeds used 
in the digestion experiments here reported. Feeds of known high-feeding 
value are characterized by a high content of sugars and starch or a high 
content of protein. Chicken feeds on the whole are higher in sugars 
Table 1 .  Composition of feeds 
Reducing Polysac- 
Name of feed I sugar ( charoses 1 Starch Pentosans in NFE Residual NFE Total pentosans Pentosans in C. F. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Oats 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Rolled oats D E  P 2 . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Oats D E  P  5 7 . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rice D E  1' 1 2 .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rice polish. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rice D E  P 20 .  
. . . . . . . . . . . . . . . . . . . . . . . . . .  Rice bran D E  P 173 . .  
. . . . . . . . . . . . . . . . . . . . . . . . . .  Rice bran D B  P  1 7 3 . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . .  Rice bran DIS P  173.  
. . . . . . . . . . . . . . . . . . . . . . . . .  Rice pollsh D E  P 1 7 4 . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  Rice pol~sh D E  P  1 7 4 . .  
. . . . . . . . . . . . . . . . . . . . . . . . .  Rice polish D E  P  1 7 4 . .  
Rye D E  P 2 0 .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  Sar 0 (sumac) seed D E  P 2 3 . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
~haylu DII: P 27 .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Shallu D E  P 44.  
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Soybcans D E  P 37.  
. . . . . . . . . . . . . . . . . . . . . .  Sumac sorghum D E  P 3 1 . .  
. . . . . . . . . . . . . . . . . . . . .  Sumac sargo D E  P 4 3 ; 8 . .  
. . . . . . . . . . . . . . . . . . . . . . . .  Snmac sorehunl D E  P J 
-. -- - -  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Tankage Dl3 P I 7  
. . . . . . . . . . . . . . . . .  Mediterranean wheat D E  P 1 0 . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Wheat D E  I' 25. .  
. . . . . . . . . . . . . . . . . . . . . . . . . .  Wheat bran D E  P 1 3 .  
Wheat bran . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat gray shorts 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Wheat gray shorts. .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  Wheat gray shorts. .  
- - -- 
*This sample very low in sugar. 
Table 2. Average coefficients of digestibility for chickens 
Name of feed 
Alfalfa meal. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Barley. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Japanese buckwheat. . . . . . . . . . . . . . . . . . . . . . . . .  
Cornmeal . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cottonseed meal. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cowpeas . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Darso . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Feterita. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Kafir . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Millet 
Dwarf yellow milo.. . . . . . . . . . . . . . . . . . . . . . . . . .  
Rolled oat groats.. . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Wholeoats 
Whole rice.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Polished rice.. 
Ricebran . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rice polish. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Rye 
Shallu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Soy beans . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sumacsorghum . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat bran. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat gray shorts.. . . . . . . . . . . . . . . . . . . . . . . . . .  


























































































































































































































DIGESTIBILITY BY CHICKENS OF NITROGEN-FREE EXTRACT O F  FEEDS 9 
and starches than those used for ruminants; that is, the chickens are 
not able to use roughages, or fodders, which are generally low in sugars 
and starch. 
CO.EFFICIENTS OF DIGESTIBILITY 
The average coefficients of digestibility secured in this work are given 
in Table 2, while the coefficients secured in the individual experiments 
are given in Table 4. There are 24 feeds, with I22 individual tests. 
The digestibilities of the sugars and starches are high. The reducing 
sugar of cowpeas, oat groats, and soy beans, has apparently a low digesti- 
bility but this was due to the very small percentages present. The resi- 
dual nitrogen-free extract and the pentosans have low digestibilities. 
 h he digestibility of the pentosans is especially low in feeds containing 
woody material, such as alfalfa meal, whole barley, which contains barley 
hulls, whole oats, which contains oat hulls, whole rice, which contains 
rice hulls, wheat bran, and wheat gray shorts. The pentosans of oat 
groats have a digestibility of 79, while those of whole oats have a diges- 
tibility of 20. This is in accordance with the well-known fact that 
chickens cannot utilize hays or roughages or material containing much 
crude fiber. The pentosans in  the crude fiber have a low digestibility, 
but the quantity present in  some of these feeds is so low that the co- 
efficients of digestibility in some of the tests were quite variable (Table 
4). The pentosans in the nitrogen-free extract on an average are digested 
to the same extent as the total pentosans. 
COMPARISON OF DIGESTION BY CHICKENS AND BY SHEEP 
A comparison of the digestion of sugars, starches, pentosans, and 
residual nitrogen-free extract by sheep and by chickens is given in 
Table 3. On an average, there is little difference between the digesti- 
bility of sugars and that of starch, by sheep and by chickens. The resi- 
dual nitrogen-free extract on an average is digested about 10 per cent 
less by chickens than by sheep, while the pentosans are digested only 
about half as much by chickens as by sheep. The differences are greater 
for pentosans in such feeds as alfalfa meal, whole oats, and rice bran, 
though it is not so great as might be expected with rough rice and 
wheat bran. 
AGKNOWLEDGMENT 
Analyses and other work in  connection with this Bulletin were done 
by E. C. Carlyle, J. R. Blum, W. H. Walker, and other members of 
the staff. 
Table 3. Coefficients of digestibility for chickens compared with those for sheep 
No. of 
expen- Reducing Polysac- Pentosans 1 ments 1 sugar 1 charoses 1 Starch 1 in .NFE 
averaged 
1 mi 1 a / Pentosans 
pentosans in C. F. 
Alfalfa hay  sheep 
Alfalfa meai, chicke;.'. : : : : 
Cottonseed meal shee 
Cottonseed meal: ch ic lk~ . . . :  
Corn Argentme sheep. . . . .  
~orn ' rnea l  chicken. . . . . . . .  
Feterita sekd, sheep..  . . . . . .  
Feterita, ch~cken .  . . . . . . . .  
Kafir chops sheep . . . . . . . . .  
Kafir chickkn.. . . . . . . . . . . .  
Milo 'sheep 
n w a h  yell04 milbj ihlcitei: 
Oats, sheep..  . . . . . . . . . . . . .  
Whole oats, chicken. . . . . . .  
Rice bran, sheep. . . . . . . . . .  
Rice bran chicken.. . . . . . . .  
Rice polish shecp 
Rice polish' chick&.'. : : : : : 
Rough rice: sheep. . . . . . . . .  
Whole rice chicken 
Wheat wh'olc chicken .' : : : : 
wheat '  chicke'n . . . . . . .  
~ h e a t ' b r a n ,  sheep.'. : . . . . . .  
Wheat bran, chicken.. . . . . .  
Wheat gray shorts shee 
Whcat gray shorts: chicgin: 
. .  Averagc (sheep). 
Pentosans 
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Table 4. Individual 
Alfalfa meal DE 9 . .  . . . . . . . . . . . . . . . . .  
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Barley DE 18. .  . . . . . . . . . . . . . . . . . . . . .  
Barley DE 26.. . . . . . . . . . . . . . . . . . . . . .  
Barley DE 33. .  . . . . . . . . . . . . . . . . . . . . .  
Barley DE 52.. . . . . . . . . . . . . . . . . . . . . .  
Barley DE 64. .  . . . . . . . . . . . . . . . . . . . . .  
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Japanese buckwheat DE 36.. . . . . . . . . .  
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 Corn chops DE 3 . .  . . . . . . . . . . . . . . . . .  
. . . . . . . . . . .  Mexican corn chops DE 7 .  
Corn meal DE 8 .  . . . . . . . . . . . . . . . . . . .  
Corn meal DE 17. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Corn meal DE 38. . . . . . . . . . . . . . . . . . .  
Corn meal DE 40. . . . . . . . . . . . . . . . . . .  
Corn meal DE 41. . . . . . . . . . . . . . . . . . .  
Corn meal DE 51. . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  Corn meal DE 67. 



















































. .  43% protein cottonseed meal DEI1.. 
. . . . . . . . . . . .  Cottonseed meal DE 65.. 
. . . . . . . . . . . . .  Cottonseed meal DE 66. 
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Cowpeas D E  45. . . . . . . . . . . . . . . . . . . . .  
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Darso D E  29. . . . . . . . . . . . . . . . . . . . . . .  
Darso D E  60. . . . . . . . . . . . . . . . . . . . . . .  
Darso D E  6 . .  . . . . . . . . . . . . . . . . . . . . . .  
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . .  (Spur) Fcterita D E  5 .  
. . . . . . . . . . . . . .  (Spur) Feterita D E  22. 
. . . . . . . . . . . . . .  (Spur) Feterita D E  30. 
. . . . . . . . . . . . . .  (Spur) Feterita D E  59. 
. . . . . . . . . . . . .  (Dwarf) Feterita D E  61. 
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
............ Whole dwarf kafir D E  21. 
. . . . . . . . . . . . . .  Blackhull kafir D E  28.. 
. . . . . . . . . . . . . .  Blackhull kafir D E  63.. 
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. . . . . . . . . . . . . . . . . . . . . .  Millet D E  34. 
. . . . . . . . . . . . . . . . . . . . . . .  Average 
. . . . . . . . . . . .  Dwarf yellow milo D E  4 .  
. . . . . . . . . . .  Dwarf yellow milo D E  24. 
. . . . . . . . . . .  Dwarf yellow milo D E  32. 
Dwarf yellow milo D E  42. . . . . . . . . . . .  
....................... Milo D E  49. 
Milo D E  55. . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . .  Dwarf yellow milo D E  62. 
. . . . . . . . . . . . . . . . . . . . . . .  Average 
Rolled oat groats D E  2 .  . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . .  Average 
. . . . . . . . . . . . . . . . .  Whole oats D E  1 . .  
. . . . . . . . . . . . . . . .  Whole oats DE 57.. 
. . . . . . . . . . . . . . . . . . . . . .  Average 
............. Whole Japan rice D E  12 
. . . . . . . . . . . . . . . . .  Whole rice D E  20. 
. . . . . . . . . . . . . . . . . . . . . .  Average 
. . . . . . . . . . . . . . .  Polished rice D E  14. 
................ Polished rice D E  16. 
Average . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . .  Rice bran D E  46. 
Rice bran D E  53 . .  . . . . . . . . . . . . . . . . .  
Average ...................... 
Table 4. Individual 
Rice polish D E  47.. . . . . . . . . . . . . . . . . .  
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rye, whole D E  3 5 . .  . . . . . . . . . . . . . . . . .  
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Shallu D E  27. . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . .  
Shallu D E  44. 
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Soy beans D E  37 . .  . . . . . . . . . . . . . . . . . .  
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sumacsargo D E 2 3  . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . .  Sumac sargo D E  31. .  
. . . . . . . . . . . . . . . .  Sumac sargo D E  43.. 
. . . . . . . . . . . . . . . .  Sumac sargo D E  58.. 
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat D E  1 0 . .  . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . .  Wheat D E  25 
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat bran D E  1 3 . .  . . . . . . . . . . . . . . . .  
Wheat bran D E  50. . . . . . . . . . . . . . . . . .  
Average . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wheat gray shorts DE 48. . . . . . . . . . . .  
Wheat gray shorts DE 54. . . . . . . . . . . .  
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DIGESTIBILITY BY CHICKENS OF NITROGEN-FREE EXTRACT OF FEEDS 15 
SUMMARY 
The digestibility of sugars, starches, pentosans, and residual nitrogen- 
free extract was determined by a number of digestion experiments on 
24 feeds. 
Sugars and starches are highly digested by chickens. Pentosans and 
residual nitrogen-free extract have low digestibility. 
Pentosans are digested to a less extent in roughages or roughage 
materials, than in concentrates. 
Chickens on an average digest sugars and starches to the same extent 
and residual nitrogen-free extract a little less than sheep, but they digest 
pentosans on an average only half as much. 
